A dopaminergic neuroblastoma was derived using somatic cell fusion of rat embryonic mesencephalon cells and the murine neuroblastoma-glioma cell line N18TG2. The resulting interspecies hybrid, named MES23.5, has retained a stable phenotype
and karyotype for a continuous culture period of 1 year.
The hybrid exhibits several properties that suggest that the parent primary neurons originated in the substantia nigra. The cell line contains tyrosine hydroxylase, which is identifiable both by biochemical and immunological methods and synthesizes dopamine, but no other catecholamine. Additionally, the cell line expresses apparent voltage-gated CA2+ channels as measured by high-affinity w-conotoxin binding. The MES23.5 w-conotoxin receptors are of similar affinity class to those found in adult rat mesencephalon.
No dihydropyridine receptors, as measured by PN200-100 ligand binding, are present. None of these properties are found in the N18TG2 parent. At least three neuronal features, namely, tyrosine hydroxylase, dopamine synthesis, and w-conotoxin receptor expression, are quantitatively elevated after sustained treatment with CAMP analogs. The cell line expresses a complex range of neural properties found in the dopaminergic neurons of the substantia nigra, and may therefore be useful elucidating further details of their cell biology.
Cultures of primary neural cells and neuroblastoma cell lines are widely employed to discern aspects of neuronal function. Primary cultures are inherently heterogeneous, containing many cell types at different stages of development. Frequently the cell type of interest is a minor component of the total. Thus, while these cultures have the potential to reproduce conditions found in whole tissue, they are difficult to control. In contrast, tumor cell lines are homogeneous and easily cultured cell populations, allowing individual characteristics to be magnified. However, these cells do not typically exhibit the well-differentiated properties of single neurons. For instance, several neurotransmitter phenotypes are often expressed in a single cloned tumor line (Ross et al., 1981) . Additionally, cloned tumor lines usually express only a limited set of the characteristics (Nirenberg et al., 1983 ) that phenotypically define individual neuron classes.
Somatic cell fusion of tumor cell lines with primary cell lines partially obviates this problem by production of new cell lines expressing highly differentiated characteristics. Often the properties of such cells reflect those of normal tissue more closely than do neuroblastoma, especially in the fidelity of neurotransmitter expression (Lendahl and McKay, 1990) . Many laboratories are employing this technology to develop hybrid cell lines that express complex properties of neurons, among them the adrenergic cells of the superior cervical ganglion (Greene et al., 1975) and the cholinergic neurons found in rodent septal nucleus (Hammond et al., 1986 (Hammond et al., , 1990 and ventral spinal cord (Cashman, 1991) . This report describes the isolation and characterization of a dopaminergic cell line derived from the rat mesencephalon.
The cells in the basal ganglia play an important role in the control of motor function and less clearly defined roles in cortical and emotional functions (Bums et al., 1985) . Because of the biochemical complexity of the tissue, and its diverse and extensive synaptic connections to other regions, it is difficult to relate changes reliably in Parkinsonian tissue with changes in specific cells. However, the progressive degeneration of the dopaminergic neurons in the substantia nigra is accepted as a definitive hallmark of Parkinson's disease (Bemheimer et al., 1973; Penney and Young, 1983) . Many theories are proposed to account for this remarkable degenerative process. The deleterious effects of 1 -methyl-4-phenyl-1,2,3,6-tetrahydropyridine metabolites on dopaminergic cells (Bums et al., 1983 (Bums et al., , 1985 encourages speculation that toxins (Spencer et al., 199 1) or other environmental factors may promote degeneration. Changes in mitochondrial metabolism in the affected neurons (Leehey and Boyson, 1991) appear to weaken the dopaminergic neuron's capacity to survive oxidative stress. A recent epidemiological study suggests that development of Parkinson's disease may correlate with earlier closed head trauma (Stem et al., 1991) . The physical damage sustained may release neural proteins into the extracellular medium and/or activate local immune traffic. This may explain the presence of dopaminergic cell-reactive antibodies in cerebrospinal fluid and sera of Parkinson's patients (Dahlstrom et al., 1990; Carvey et al., 199 1) and suggests an autoimmune component. The hybrid dopaminergic cell line MES23.5 may be useful in the relative assessment of these hypotheses.
Materials and Methods
Sato's N1 medium (Bottenstein and Sato, 1979) was formulated with powdered Dulbecco's modified Eagle's medium/F12, human transferrin, insulin, progesterone, pyruvic acid, sodium selenite, gentamicin, and HEPES using high-resistivity water with tissue culture grade reagents from Sigma (St. Louis, MO). Other tissue culture-grade reagents
The Journal of Neuroscience, September 1992, 12(9) 3393 included Hybrimax fetal bovine serum (FBS), newborn calfserum, polyprocedures (Morier and Rips, 1982) . Catecholamines were identified by ethylene glycol (MW, 1300-1600), phytohemagglutinin A (PA), DNase coelution with standards. Tyrosine hydroxylase and total protein were I, trypsin, and poly-L-omithine also from Sigma. Substrates for radiassessed in an aliquot of the same cells resuspended in PBS with 0.5% ometric enzyme assays, L-carboxyl-14C-tyrosine (specific activity, 50-NP40. 60 mCi/mmol) and )H-acetyl coenzyme A (specific activity, 2-10 Ci/ Characterization of CaZ+ channel uharmacolonv. The nresence of mmol), and for ligand binding assays, 3H-PN200-100 (specific activity, 72.3 Ci/mmol) and '251-w-conotoxin GIVA (soecific activitv. 2000 Ci/ mmol), were pirchased from New England N&lear(Boston, MA). Other cofactors and buffer components for these assays were standard reagent grade. Gamma globulin-free bovine serum albumin (BSA) used as carrier for w-conotoxin binding assays was purchased from Sigma. Nifedipine was purchased from Calbiochem (La Jolla, CA), and unlabeled w-conotoxin, from Peptide Institute, Inc. (Osaka, Japan). Polyclonal antiserum reactive with tyrosine hydroxylase (TH) was purchased from Chemicon (Temeculah, CA); alkaline phosphatase-conjugated anti-rabbit IgG and the Protoblot BCIP detection reagent for immunoblotting were purchased from Fisher (Dallas, TX). Imobilon electroblot membrane was purchased from Milipore (Bedford, MA).
Cellfusion and selection. The murine parent tumor, N 18TG2 (Nelson et al., I969) , was maintained in log phase growth prior to fusion. The mesencephalon from embryonic day I6 rat embryos, dissected to minimize the content of other catecholaminergic cell groups (Konig et al., 1989) , was mechanically dissociated by trituration in complete Hank's balanced salts (HBSS) containing 3 mg/ml DNase I. After 5 min at room temperature, the dissociated cells were collected by centrifugation (300 x g, 5 min). The N18TG2 cells were harvested and both tumor and primary cells were washed three times in HBSS to minimize free protein.
All washes and other treatments were carried out in HBSS.
The mesencephalon cells were again triturated to ensure uniform dispersion and incubated with phytohemagglutinin A (PA) (Hammond et al., 1986 (Hammond et al., , 1990 . PA-coated primary cells were allowed to agglutinate with washed N I8TG2 cells at a ratio of IO: 1 and were then centrifuged. The cell pellet was gently resuspended in 50 ~1 HBSS and fusion accomplished by addition of 1 ml 50% polyethylene glycol over a period of 1 min at 37°C. The fusion mixture was then slowly diluted with 5 ml HBSS over a 5 min period with gentle agitation. The cells were collected by centrifugation and distributed into five-microwell plates with 0. I ml/well Sato's N 1 medium (Bottenstein and Sato, 1979) containing 10% FBS. The fusion mixture was cultured overnight, after which authentic hybrids were selected by addition of an equal volume 2x HAT in the same medium (Littlefield, 1964) . HAT selection was continued for IO d. All wells were fed twice weekly by 50% medium replacement for 3 weeks.
Selection of tyrosine hydroxylase-positive colonies. When robust colonies became apparent, each colony was subdivided fivefold by trypsin treatment. One culture was retained for expansion; the others were utilized for tyrosine hydroxylase (TH) activity determinations by a technique recently described (Bostwick and Le, 1991) . The cells were cul--, voltage-gated Ca2+ channels was evaluated using w-conotoxin (Marquez et al., 1988) and PN200-100 (Glossmann and Ferry, 1985) ligand binding, using washed whole cellsgrown in low-density cultures. Total w-conotoxin binding was assessed over a concentration range of I-300 pM using 1251-w-conotoxin (2000&i/mmol specificactivity), similar to published procedures (Marquez et al., 1988) . Binding reactions were carried out at room temperature with 5-10 fig of protein (25,000 cells) in BSAcoated microwells. Nonspecific w-conotoxin binding was evaluated using samples pretreated 5 min with 5 PM unlabeled w-conotoxin. Similarly, PN200-100 ligand binding was assessed over a concentration range of 0.1-10 nM using ZH-PN200-100 (2840 &?i/mmol specific activity), similar to published procedures (Glossmann and Ferry, 1985) . Binding reactions were carried out at 10°C in the dark, with 25 pg of protein (125,000 cells). Nonspecific binding was evaluated in the presence of 2 PM nifedipine. Filter-retained '+w-conotoxin was measured by gamma counting and retained 3H-PNZOO-100 in a Liquifluor scintillation cocktail.
Immunoblot detection ef tyrosine hydroxylase. Electroblots were prepared with cells harvested after 6 d of low-density culture in the presence or absence of 1 mM dibutryl-CAMP. The washed cells were solubilized in 6% SDS and prepared for electrophoresis (Laemmli, 1970) . Prior to electrophoresis, the solubilized preparation was clarified in a Beckman airfuge at 175,000 x g for I hr to remove DNA and insoluble matter. Extracts were electrophoresed in 10% SDS polyacrylamide and electroeluted onto Imobilon (Towbin et al., 1979) . Tyrosine hydroxylase was detected by incubating the blot with a I:1000 dilution of rabbit anti-TH, followed by a 1: 1000 dilution of alkaline phosphatase-conjugated anti-rabbit IgG both in PBS with 0.05% Tween-20, for 2 hr at room temperature. The Fisher Protoblot BCIP detection system was utilized for color development according to the manufacturer's specifications.
Karyotype analysis. Chromosome analyses were performed on cells after continuous culture for 4 and 12 months following the cloning by limiting dilution. Conventional Gimsa-stained chromosome spreads (Yoshida and Amano. 1965) were meoared from oarent N I8TG2 and MES23.5 cell lines and 15 drofiles kach were examined.
Quantitative protein assessment was performed by the bichinchonic acid method using BSA as a standard (Smith et al., 1985) . Cell counts were performed in PBS-buffered 0.1% trypan blue using a hemocytometer.
Results tured 4 additional days. One duplicate pair was supplemented with 1 mM dibutryl-CAMP throughout the culture period; the other duplicate Ident$cation of adrenergic hybrids pair was maintained in the basal Sato's medium. Two wells that conSubsequent to fusion, HAT selection was applied for IO d. Durtained robust TH activity were expanded, and clones were selected by ing this time, a control culture of NlSTG2 parent cells was limiting dilution. A single clone that responded to dibutryl-CAMP was completely killed. Four weeks after fusion, 23 robust colonies examined in this study. This cell line was adapted to culture in 2% newborn calf serum in Sato's medium prior to this study.
were screened for dibutryl-CAMP-inducible TH (Fig. I) . ' Characterization of dopamineigic phenotype. Cells grown on poly-Lomithine-coated elastic to a maximum densitv of 2000 cells/mm* in 1 mM dibutryl-CAMP for 6 d prior to harvesting. These cells were harvested by incubation in 2 mM EDTA, Ca2'/Mg'+-free HBSS 1 hr at 37"C, and released from the plastic by gentle pipetting. After four washes in HBSS, the cells were generally 80-85% viable as assessed by trypan blue exclusion. Catecholamines were extracted from whole cell pellets containing 1 x 10" cells with 50 ~1 10% perchloric acid, clarified by centrifugation, and chromatographed by HPLC on Waters Radial-Pak cartridge packed with C,, Resolve resin. The acid extract was applied isochratically and detected electrochemically according to published iments, hence ;he name MES23.5.
Karyotype analysis were also TH positive. Clone 5 was expanded for these exper-
The murine parent N 18TG2 contained highly characteristic, very large chromosomes, some of which were retained in the hybrid (Fig. 2) . Karyotypic analysis of N 18TG2 indicated a range of 59-l 20 chromosomes with a single modal number of 82 (n = 1 I). The first three chromosomes displayed in the top line of Figure 2A were consistently found in every N 18TG2 chromosome spread. Chromosome number in the mesencephalon hybrid MES23.5 varied from 74 to 108 with a single modal number of 87 (n = 13). Diploid rat cells have been shown contain small metacentric chromosomes and a few highly characteristic acrocentric chromosomes (Yoshida and Amano, 1965) . The bulk of the mesencephalon hybrid chromosomes are small and metacentric, very similar in size and shape to those reported for rat cells. The hybrid also contains 6-12 small acrocentric chromosomes shown in the last line of Figure 2B that are very similar to those characteristic of rat diploid cells. Similar karyotypic analyses, both quantitatively and qualitatively, were obtained after 4 months and 12 months in continuous culture, indicating an unusual degree of stability.
Identification of TH
TH epitopes were detected exclusively in untreated and dibutryl-CAMP-treated cultures as shown by immunoblot (Fig. 3) but not in N18TG2 cells, regardless of culture conditions. A single molecular weight species of 6 1,300 Da has been purified from rat striatum (Richtand et al., 1985) , and a single species of identical molecular weight was detected in these cells by a polyclonal monospecific rabbit antiserum. An amount of protein from untreated cells was chosen for electrophoresis that resulted in light immunostaining. Similar amounts of protein from the treated cultures exhibited noticeably stronger staining.
Cyclic nucleotide regulation of TH
The cell division rate was profoundly depressed over the course of the dibutryl-CAMP treatment in a dose-dependent manner (data not shown). In basal culture conditions, the cells divided every 8 hr. After 6 d of treatments, the doubling time increased to 25 hr. All quantitative measurements were normalized to cell protein to allow comparisons with other cell studies; however, the elevation of TH was equally prominent when calculated on a per cell basis. Both cell lines were grown continuously in log phase conditions to less than 50% confluence for low-density cultures. CAT, TH, and DA were assessed in tandem from the same freshly harvested washed cells whose viability was routinely greater than 80%. The data shown are means i SD of three replicates of triplicate assays. Data are not only shown for dibutryl-CAMP treatments (CAMP). In high-density cultures, cells achieved maximal density. Cells in sister wells were counted and contained 80-85% trypan-excluding cells. The data shown are means + SD of triplicate wells. NA, not assessed; ND. lower than detectable limit Basal and dibutryl-CAMP-elevated levels of TH are shown in Table 1 . Basal TH levels determined from washed cells grown at low density were three-to sixfold lower than basal levels determined from cells grown in high-density microwell culture. A smaller difference (threefold) was found between dibutryl-CAMP-treated cultures grown in low-density cultures and highdensity microwell cultures. Thus, an average 6.4-fold TH elevation on either a protein or a cellular basis was observed under low-cell-density culture conditions after the dibutryl-CAMP treatment (Table l) , while an average threefold TH elevation was observed in high-density microwell cultures.
The degree of elevation of TH activity was clearly dependent on dibutryl-CAMP concentration; maximal stimulation was observed at 1 mM dibutryl-CAMP (Fig. 4) . A similar TH elevation of fivefold was observed after similar treatment with 2 mM 8-Br-CAMP. The concentration at which half-maximal stimu-;:i ' 0 0.5 1 1.5 2 2.5 [diBu-CAMP], mM Figure 4 . CAMP analogs elevate TH in the mesencephalon hybrid MES23.5, but do not induce an elevation of CAT activity. Individual microwells of the hybrid cells were grown at high density and exposed for 6 d to a range of O-2 mM dibutryl-CAMP as indicated. TH activity was measured in duplicate wells and cells were counted in duplicate sister cultures.
TH activity under these conditions is elevated threefold relative to untreated cultures, while CAT activity remains unchanged. The concentration that yields half-maximal induction is 0.1 mM dibutryl-CAMP.
lation was achieved, 0.1 mM, and the treatment time needed to observe maximal TH elevation, 4 d, was identical in both primary mesencephalon cultures and the hybrid cell line (data not shown). CAT, present at barely detectable levels in both the parent N18TG2 and the hybrid MES23.5, was not altered by this treatment. The CAT activity, although quite small, was bone fide; the small amount of ACh formed was completely hydrolyzed by subsequent treatment with excess AChE and its synthesis was inhibited by 1 mM napthovinylpyridine. Similar levels of dibutryl-CAMP-insensitive CAT activity were also observed in N18TG2 cells. The cellular content of TH in MES23.5 (Table 2 ) was similar to that expected in embryonic and adult ventral mesencephalon dopaminergic cells. The adult substantia nigra area has been reported to contain approximately 22,000 dopaminergic cells as assessed immunohistochemically with antisera specific for dopamine (DA) or TH (Bjorkland and Lindvall, 1984) . However, the embryonic source area has been reported to contain an overproduction of up to eightfold in specific nerves immediately after the last birth date (Oppenheim, 199 1) . Although specific data for naturally occurring cell death for this region have not yet been reported, we assumed an overproduction of 2.5-fold for TH-containing cells, consistent with that found in other regions with extensive target fields (Purves, 1988) . Specifically, the content of TH-positive cells in the embryonic mesencephalon was assumed to be 55,000. As shown, the TH Cell lines were maintained in log phase growth and harvested at less than 75% confluence. Cells were washed six times with PBS and stored in liquid nitrogen pending analysis. Tissue synaptosomes were treated similarly. The number of experiments, n. refers to complete dose curves. ND, not detected; no high-affinity sites present. content of MES23.5 cultured under different conditions was comparable to that observed in both embryonic and adult tissue.
Identification of catecholamines
The hybrid cell line synthesized DA and its metabohtes, but 5-HT, noradrenaline, and their precursors were not detected. As shown in Table 1 , treatment oflow-density MES23.5 cultures with dibutryl-CAMP elevated the DA content 2.5fold from 224.9 pmol/mg protein. The parent cell line N18TG2 contained no catecholamines of any type, and none were detected in cultures treated with dibutryl-CAMP.
Identification qf voltage-gated calcium channels Neither the MES23.5 hybrid nor its N18TG2 parent cell line expressed appreciable levels of the L-type Ca*+ channel as measured by nifedipine-blockable PN200-100 ligand binding. Exposure to dibutryl-CAMP did not cause appearance of such receptors. However, N-type Ca2+ channels, as detected by w-conotoxin binding, were present in the MES23.5 cell line grown under low-density basal conditions. A single high-affinity class, similar to that observed in adult mesencephalon tissue, was identified (Table 3) . Saturation binding was achieved in all cases between 10 and 30 min. Treatment of low-density MES23.5 cultures with dibutryl-CAMP resulted in a significantly increased number of w-conotoxin sites. These values suggested 1890 and 10,350 receptor sites per cell in the untreated and dibutryl-CAMP-treated conditions, respectively, a 5.5-fold elevation overall.
Discussion
The MES23.5 cell line is a stable interspecies hybrid containing properties found in both the tumor parent N18TG2 and embryonic mesencephalon cells. The tumor parent is deficient in a critical enzyme in the purine-pyrimidine shunt pathway necessary to surmount the blockade of de novo DNA synthesis by aminopterin (Littlefield, 1964) . Fusion of the deficient parent with normal cells, in this case rat mesencephalon cells, recovers the expression of this enzyme in the hybrids. Selection in aminopterin after somatic cell fusion therefore ensures that the derived cell lines are authentic rat x mouse hybrids.
Karyotype analysis confirms that the hybrid contains properties of both parents. As the chromosome number is less than the sum of both cell line and diploid rat cells, it is clear that extensive segregation occurred. After somatic cell fusion, the principal chromosomal loss takes place within the first few weeks and declines to a low level after the second month in culture (Weiss and Ephrussi, 1966) . By this time, rat chromosomes, which condense appropriately (Rao and Johnson, 1972) with the mouse tumor mitotic apparatus, are selected and preserved. In hybrids of rat and mouse lymphoid cells, retention of mouse chromosomes is favored (Rao and Johnson, 1972) . However, in this case it appears that a large variety of rat chromosomes are preserved.
The MES23.5 karyotype does not substantially differ after 4 and 12 months in continuous culture. An identical modal number of chromosomes determined at both assay points suggests that no overall deletion of chromosomes takes place over this period. The tumor parent contains 6-10 very large, highly characteristic metacentric chromosomes. The diploid rat cell contains six tiny acrocentric chromosomes that are species markers (Yoshida and Amano, 1965) . The MES23.5 hybrid contains two to five large metacentric chromosomes consistent in size and shape with tumor origin and four to six of the tiny acrocentric rat marker chromosomes. A much more detailed analysis of the banding pattern of each chromosome would be needed to substantiate the initial impression that the bulk of chromosomes are derived from the rat parent.
A unique aspect of this CNS-derived cell line is its inducible synthesis of DA, exclusive of other catecholamine production. This is in contrast to adrenergic neuroblastomas in general, which tend to be noradrenergic or serotonergic, or even mixed cholinergic and adrenergic (Mena et al., 1989) . Values for DA content have been reported of 3.92 pmol/mg for the neuroblastoma IMR-32 and 9 1.5 pmol/mg DA in the neuroblastoma NB69, low with respect to MES23.5. However, the two tumor lines are rich in noradrenaline, and the latter cell line also contains prominent 5-HT precursors (Mena et al., 1989) . A somatic hybrid cell line derived from N 18TG2 and peripheral sympathetic neurons has also yielded cells that contain TH activity and synthesizes DA, but not norepinephrine (Greene et al., 1975) .
The expression of TH activity and synthesis of DA are characteristics not found in the tumor parent. A comparable value for TH content in the human neuroblastoma IMR32 of 31.8 pmol/hr/mg is reported (Gotti et al., 1987) . The cell line expresses, under some conditions, levels of TH similar to that expected in an embryonic mesencephalic dopaminergic neuron. Remarkably, the TH content when cultured with CAMP at high density approaches levels expected in the adult mesencephalic dopaminergic neuron.
The tumor parent is a neuroblastoma and itself expresses some limited neuronal features. Excitable membranes are observed (Nelson et al., 1969) as is robust AChE and slight amounts ofauthentic CAT activity. These characteristics are also present in the MES23.5 hybrid; however, the acquisition ofTH and DA suggests that some neuronal characteristics of a substantia nigra neuron are present. This is not completely certain, as there are reports of the fusion of two CAT-negative tumor cell lines producing a CAT hybrid . These reports suggest that a silent cholinergic gene in the tumor parent has been activated by the fusion event. It is possible, but highly unlikely, that a hitherto undescribed repression site for TH in the N 18TG2 parent is lost by segregation after the fusion event, leading to the expression of mouse TH.
The simpler explanation is that rat TH is expressed along with the machinery for sequestering DA within the cell. The cyclic nucleotide dependence of TH induction lends credence to this hypothesis. Both timing and concentration dependence of TH induction exactly match in vitro observations with cultured mesencephalon. Treatment of the cell line with CAMP analogs causes an increase in TH activity without having any effect on the minimal CAT presumably contributed by the tumor parent. The increase in TH activity produced by CAMP treatment is commonly found in TH-containing cells such as superior cervicai ganglia (Cahill and Perlman, 1987) , and adrenergic cell lines such as PC 12 (Roskoski and Roskoski, 1987) . This increase can be due either to phosphorylation changes on the TH molecule itself leading to increased catalytic activity (Cahill and Perlman, 1987) or to a variety of changes in regulation of the expression of molecules (Tank et al., 1986) . The half-maximal TH stimulation is achieved at 0.1 mM in these systems, as was observed for MES23.5. The apparent elevation suggested by the increase in immunoreactivity on electroblots suggests that the expression of TH molecules may be increased by cyclic nucleotides in MES23.5. This is an important regulatory property that would be expected in a dopaminergic neuron. The TH content is also dependent on the culture cell density, which may be similar to the density-dependent elevation of TH reported in the pheochromocytoma PC12 (Fader and Lewis, 1990) . Finally, it is very remarkable that the TH content of MES23.5 grown under high-density conditions is similar to that which may be calculated for embryonic cells and that cyclic nucleotide treatment elevates TH to a level contained in adult neurons. These data suggest that not only the gene for TH expression but substantial mechanisms for its regulation are also intact in this cell line.
The presence of w-conotoxin binding sites and absence of PN200-100 sites in the hybrid cell line suggest that primarily N-type voltage-gated Ca'+ channels are present on the cell. This is consistent with the presence of significant w-conotoxin and low levels of dihydropyridine receptors in synaptosomes prepared from adult rat ventral mesencephalon.
Additionally, autoradiographic studies indicate that the substantia nigra region is rich in w-conotoxin receptors (Takemura et al., 198 1) and relatively poor in dihydropyridine receptors (Quirion et al., 198.5 ). The hybrid cell line contains a single high-affinity class of receptor identical to that found on other cell lines, primary rat neural culture, and adult synaptosomes. Similar affinity constants have been reported for whole rat brain synaptosomes (K, = 5-7 x 10" M Isec-I) and primary rat culture neurons (K, = 2-4 x 10" M 'set ml) (Marquez et al., 1988) . These authors report significantly higher number of sites in adult tissue, 600 fmol/mg compared to cultured embryonic neurons at 60 fmol/ mg. Neuroblastomas have been assessed for w-conotoxin receptors and high-affinity sites reported, 56 * 9 fmol/mg for SK-N-SH and 13 t I fmol/mg for MAR5 (Usowicz et al., 1990) .
The presence of CAMP-stimulated TH activity, selective DA production, and N-type Ca'+ channel in MES23.5 strongly suggests that the rodent mesencephalic parent was a dopaminergic cell originating in the substantia nigra. Other catecholaminergic cells may have been available in the primary tissue, possibly noradrenergic-producing cells from locus ceruleus or 5-HT-producing cells from the ventral tegmentum.
The specific DA production indicates that these were not likely fusion partners. The concomitant elevation of DA synthesis with TH elevation suggests that the adult property of efficient DA compartmentalization is also retained. Finally, the elevation of w-conotoxin receptors as a result of cyclic nucleotide treatment suggests that a unique level of regulation of neuronal properties may be present in dopaminergic neurons, and is accessible through this cell line. We conclude from these analyses that the cell line contains complex properties found in the dopaminergic cells ofsubstantia nigra and may be a suitable model for the study oftrophic factorrelated changes or other properties that may be relevant to Parkinson's disease.
